The ATLAS potential for the study of the top quark properties and physics beyond the Standard Model in the top quark sector is described. The measurements of the top quark charge, the spin and spin correlations, the Standard Model decay (t → bW ), rare top quark decays associated to flavour changing neutral currents (t → qX with X = gluon, Z, photon) and tt resonances are discussed. The sensitivity of the ATLAS experiment is estimated for an expected luminosity of 1 fb −1 at the LHC, using full simulation Monte Carlo samples. For the Standard Model measurements the expected precision is presented. For the tests of physics beyond the Standard Model, the 5σ discovery potential (in the presence of a signal) and the 95% Confidence Level (C.L.) limit (in the absence of a signal) are given.
Introduction
The top quark was discovered in 1995 at Fermilab in pair production mode (tt events) through strong interactions [1] . Several properties of the top quark such as the mass, charge, lifetime, production cross-section and rare decay through flavour changing neutral currents (FCNC) have been explored in Fermilab, but most of these studies are limited by low statistics. Due to the high event rates at LHC (one tt event per second at a luminosity of 10 33 cm −2 s −1 ) at ATLAS, these top quark properties can be studied extensively at ATLAS giving the possibility to discover physics beyond the Standard Model. Due to the very short life time, the top quark decays before it has time to hadronise. But its spin properties are not washed out by hadronization, rather the top quark spin information propagates to its decay products. This unique feature allows direct top quark spin studies. The top quark spin can be reconstructed by measuring the angular distributions of its decay products in the top quark rest frame. Measurements of W -boson polarization complement top quark spin studies which can disentangle the origin of new physics. In the Standard Model, flavour changing neutral currents (FCNC) are strongly suppressed at the tree level due to the GlashowIliopoulos-Maiani mechanism. At the one loop level, small FCNC contributions are expected due to the CKM mixing matrix. The existence ofbound states (mesons) of all other quarks encourages us to look for tt bound states. New resonances and gauge bosons strongly coupled to the top quark are expected in several theoretical models which can decay into tt pairs, leading to deviations from Standard Model tt production cross-section and top quark kinematics [2] . These new particles can reveal themselves in the tt invariant mass distribution.
Basic Event Selection
We have used semileptonic (tt → W W bb → lνj 1 j 2 bb with l = e, µ) and dileptonic (tt → W W bb → lνl ′ ν ′ bb with l, l ′ = e, µ) decays of tt events for the top quark charge reconstruction. We have used only the semileptonic decay channel for W tb anomalous coupling, tt spin and spin correlation and tt resonance. For the semileptonic topology, we require exactly one isolated electron (muon) with |η| < 2.5 and p T > 25 GeV (p T > 20 GeV), at least 4 jets with |η| < 2.5 and p T > 30 GeV, at least 2 jets tagged as b-jets and missing transverse energy above 20 GeV [3] .
For the dileptonic topology, we require exactly two isolated electrons (muons) with |η| < 2.5 and p T > 25 GeV (p T > 20 GeV), at least 2 jets with |η| < 2.5 and p T > 30 GeV, at least 2 jets tagged as b-jets and missing transverse energy above 20 GeV [3] . Since the final state topology for the rare top quark decays via FCNC are different from semileptonic and dileptonic topologies, we have used different selection criteria which will be described in section 2.3.
Top quark charge measurement
We have presented the measurement of the top quark charge based on the reconstruction of the charge of the top quark decay products. The W boson charge can be directly measured easily using its leptonic decay modes. Due to quark confinement inside hadrons, we cannot measure the b quark charge directly. We have used b-jet charge weighting (weighted sum of all the tracks in the jet) and semileptonic b-decay approaches to measure b quark charge. By using the weighting technique, it is possible to distinguish between the b-jet charges associated with leptons of opposite charges with a 5σ significance with only 0.1 fb −1 of data ( 1 fb −1 for semileptonic b-decay approach) which allows the Standard Model (t → W + b) and exotic (t ′ → W − b) scenarios to be distinguished. Reconstruction of the magnitude of the top quark charge seems to be possible with ≃ 1 fb −1 using the weighting technique, but it is necessary to check the performance of the method with real data. The reconstructed b quark and top quark charge are shown in Figure 1 
Top quark spin and spin correlations and Wtb anomalous couplings
In the Standard Model, the top quarks are produced unpolarised in tt events, but their spins are correlated [4] . The production asymmetry (A and A D ) can be obtained from the angular distribution of the top quark decay products. In addition to the tt spin correlation, we can measure the W polarization. The W -boson can be produced with right(F R ), left(F L ) or longitudinal polarizations(F 0 ) with F 0 + F L + F R = 1. The expected measurement results, using 1 fb −1 of simulated data, are shown in Table 1 . It is also possible to parameterise new physics in the W tb vertex using anomalous coupling parameters V L , V R , g L and g R . Figure 2 shows the expected 68% C.L. allowed regions on the W tb anomalous couplings for 1 fb −1 . 
ATLAS sensitivity to FCNC top quark decays
We have studied the rare top quark decays via FCNC (t → qX, X = γ, Z, g) using tt events in 1 fb −1 of simulated LHC data. One of the top quarks is assumed to decay through its dominant decay mode (t → bW ), while the other top quark decays via one of the FCNC modes (t → qZ, t → qγ, t → qg). Due to the large QCD background, it is very difficult to search for FCNC signal using modes where W or Z decay hadronically. Due to this reason, only leptonic decays of both W and Z were taken into account. For signal events, we have used tt → bℓνqX, where X = γ, Z → ℓℓ, g and ℓ = e, µ and taken into account the expected Standard Model backgrounds.
For tt → bW qγ, we require exactly one lepton with p T > 25 GeV, at least two jets with p T > 20 GeV, one γ with p T > 25 GeV and p T > 20 GeV. For tt → bW qg, we require exactly one lepton with p T > 25 GeV, exactly three jets with p T > 40, 20, 20 GeV and p T > 20 GeV. For tt → bW qZ, we require exactly three leptons with p T > 25, 15, 15 GeV, at least two jets with p T > 30, 20 GeV and p T > 20 GeV. The neutrino four momentum was estimated using a kinematic fit [3] . The expected 95% C.L. upper limits on the branching ratios for t → qZ, t → qγ, t → qg are 10 −3 , 10 −3 , 10 −2 respectively using 1 fb −1 simulated data. Figure 3 shows the expected 95% C.L. for the first 1 fb −1 in the absence of signal for the t → qγ and t → qZ channels.
tt resonances
The discovery potential for generic tt resonances with the ATLAS detector has been explored as a function of the resonance mass for the semileptonic tt channels [5] . tt resonances were produced with Pythia for Z ′ → tt channel. The common selection criteria have been applied for event reconstruction. The main source of background for tt resonances is the Standard Model tt events (other backgrounds like W +jets are negligible). It is possible to discover a 700 GeV Z ′ resonance produced with a σ × Br(Z ′ → tt) of 11 pb with a 5σ significance with 1 fb −1 of data [ Figure  4 ]. Using a model-independent approach, ATLAS can exclude Kaluza-Klein gluon resonances upto 1.5 TeV with only 1 fb −1 data[3].
